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A method of measurement of lower ionosph'dre parameters w a s  
worked ou t , cons i s t ing  i n  the  r e g i s t r a t i o n  of i n p u t  impedance o f  a 
miniature  a i rborne  antenna, s e n s i t i v e  t o  v a r i a t i o n s  of e l e c t r i c a l  pro- 

p e r t i e s  of t h e  medium surrounding the antenna. This  method w- app l i ed  

t o  measui-ement of e l e c t r o n  concentrat ion and t h e  t r a n s p o r t  frequency of 

e l e c t r o n  c o l l i s i o n s  with n e u t r a l  molecules i n  t h e  50- 90km a l t i t u d e  

range, us ing  the  50 kc/sec frequency. The r e s u l t s  agree wel l  with those 
obtained by t h e  methods of long and u l t r a l o n g  waves, of d i f f e r e n t i a l  

absorp t ion ,  and also by t h a t  involv ing  t h e  use of  high-frequency and 

Langmuir probes. The atmospheric pressure  is measured i n  the  70- 9Okm 

a l t i t u d e  range by t h e  t r a n s p o r t  c o l l i s i o n  frequency. It coinc ides  with 

t h a t  of t he  s t a n d a r d  atmosphere with a p r e c i s i o n  t o  3 

* 
* * 

I n t e r e s t  t o  lower l a y e r s  of the ionosphere induced us t o  work 

out  a low-frequency sonde, c o n s t i t u t i n g  a l lnonemitt ingtl  a i rbo rne  antenna,  

whose i n p u t  impedance is s e n s i t i v e  t o  e l e c t r i c a l  p r o p e r t i e s  of  the  medium 

surrounding it .  A t  f i r s t  i t  was appl ied  t o  measurement of e l e c t r o n  con- 

c e n t r a t i o n ,  then a lso  t o  t h a t  of e l e c t r o n  c o l l i s i o n  frequency [l]. 

* ISSLEDOVA~~IYE NIZHNEY IOMOS FERY METODOM IMPEDANSNOGO NIZKOCHASTOTONO~O 

RADIOZONDA. 
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Late ly  , a l a r g e  nunber of var ious  probes were i n s t a l l e d  aboard rocke t6  

wi th  t h e  lower ionosphere as the t a r g e t  f o r  i n v e s t i g a t i o n s  [2-41. That 

i s  why we f e e l  t h a t  pub l i ca t ion  of t he  low-frequency probe method is 

q u i t e  t imely.  
The method under cons idera t ion ,  j u s t  a s  t he  o t h e r  i n d i r e c t  

methods, r e q u i r e s  the  i n s t a l l a t i o n  of  an adequate f u n c t i o n a l  connect ion 

betwezn t h e  readings  of measuring devices  and the  i n v e s t i g a t e d  ionosphere 

parameters,  T h i s  connection is derived from the  theory of microprocesses,  

evolving i n  the  ionosphere plasma near  t he  probe. The gene ra l  t heo ry  of 

such processes ,  induced by v a r i a b l e  vo l t age  app l i ed  t o  t h e  fast moving 

sonde, is q u i t e  complex and not  y e t  expounded, That is why t h e  contempo- 
r a r y  sonde method must s a t s i f y  the  fo l lowing  r e q u i r e m e n t s : l )  t h e  mecha- 

nism of even t s  i n  the plasma, on t h e  b a s i s  of which the  measuring device 

ope ra t e s ,  must have a simple theory,  so t h a t  an adequately true t h e o r e t i -  

cal conr?ection can be constructed.  To t h a t  e f f e c t ,  means have been fo re -  

s een  i n  t he  experimental  i n s t a l l a t i o n ,  whereby the  processes  complicat ing 

t h e  sonde theory  can be n e u t r a l i z e d ;  2)  t h e  chosen f u n c t i o n a l  connect ion 

must be s u f f i c i e n t l y  s e n s i t i v e  t o  measured parameters of t he  ionosphere 

and must not  conta in  f a s t -va ry ing  and uneas i ly -con t ro l l ab le  parameters,  

The method of long  and u l t r a l o n g  waves played an important part 

i n  t h e  development of t he  sonde method [5-81; t h e  d e t e c t i o n  of  t h e  

C-layer of t he  ionosphere could be made wi th  its help.  By the  time of 
first s m . e r  experiments with the  sonde, t h a t  took p lace  on 24 June 1954, 
r e l i a b l e  da t a  on e l e c t r o n  concent ra t ion  Ne of the ionosphere were a v a i l -  

a b l e  t o  us.  

# 1 - LOW-FREQUENCY INPEDANCE RADIOSONDE METHOD 

1.- h minia ture ,  col lapsible-whip o r  T - t y p e  antenna, i n s t a l l e d  

aboard the  l a te ra l  su r face  of t he  rocke t  and f e d  by s i n u s o i d a l  vo l t age  

wi th  frequency f = 50kc/sec,  c o n s t i t u t e s  the  measuring device ' s  pickup. 

The l eng th  of t h e  v e r t i c a l  p a r t  of t h e  antenna d i d  no t  exceed 30-50cm,  
and t h a t  of t he  h o r i z o n t a l  p a r t s  of T-antennas - 50 t o  60cm. 
nas  a re  made of copper tubes  wi th  l.5cm c r o s s  s e c t i o n  diameter.  

Yhe anten- 



c 3. 

I n  the  i n p u t  impedance, Z ,  of such an antenna, equal  t o  R +  ix, 
depends on its geometr ical  shape, t h e  frequency a~ = 2n f and on the  e l ec -  

t r i c a l  p r o p e r t i e s  of t he  surrounding medium w i t h i n  the  l i m i t s  of  a r eg ion  

whose l i n e a r  dimensions are of the order  of those  of the  antenna ( t ) .  We 
s h a l l  des igna te  t h i s  reg ion ,  where R and X are s e n s i t i v e  t o  v a r i a t i o n s  

of medium's p r o p e r t i e s ,  as t h e  sone of  t he  sonde. The measurement method 

amounts t o :  1) measurement of Z and 2) de te rmina t ion  of t he  numerical  

va lues  of the  parameters of the medium from t h e  f u n c t i o n a l  link between 

2 and the  l a t t e r .  

The lower p a r t  of t h e  ionosphere is a feebly- ionized plasma, con- 

s i s t i n g  of n e u t r a l  molecules, e l ec t rons ,  and also of p o s i t i v e  and negat ive  
heavy ions.  They m e  cha rac t e r i zed  by numerous plxrameter8: l )  concentra-  

t i o n s  of nm, N e ,  N+ 2nd NO; 2) m e a n  c o l l i s i o n  f requencies ,  from which we 
s h a l l  s ena ra t e  the  c o l l i s i o n  frequency of e l e c t r o n s  wi th  n e u t r a l  molecules - - - 

v,,,,=,, cad  i o n s  %i 7) L ? n p u i r  frequency of plasma o s c i l l a t i o n s  

00, coo2 = 4ne2Ne/rn wilere e rnG m m e  the  charge and t h e  m a s s  of t h e  e l e c -  

t r o n ;  4) gyroncgnetic frequency f o r  e l e c t r o n s  OH = -eHo/rnc, 
is the o u t e r  magnetic f i e l d ,  c = 3 10 

of ions ;  5) temperatures  o f  e l e c t r o n s  Te, of i o n s  Ti and of n e u t r a l  par- 

t i c l e s  T. 

where Ho 
8 m/sec; gyromaznetic frequency ax 

Became of t h e  g r e c t  mass d i f f e r e n c e  of  e l e c t r o n  and ion ,  t h e  

motion of e l e c t r o n s  e x e r t s  the main e f f e c t  upon the  sonde impedance, 
and t h a t  is why we s h a l l  take i n t e r e s t  i n  t he  parameters Ne and v in 
t h e  first place.  

- 

One of the  c h a r a c t e r i s t i c  t r a i t s  of a low-frequency sonde is t h e  

and UH = 8.6 IO6 . I n  the  6 smzllneso of w by coniparison wi th  6,- 10 

hiqh-frequency sondes kr is  g r e a t e r  than UH and Oo. Contrary t o  t h e  

l a t t e r ,  t h e  E a r t h ' s  magnetic f i e 1 6  %exer t s  a s t r o n g  in f luence  i n  t h e  

case  unZer cons idera t ion .  T h i s  e f f e c t  is manifest beginning wi th  h>75- 
80 kn, when @sOg and the plasma is s t r o n g l y  magnetized. For  h <  ? O h ,  
v2>Orf2 and we mcy neg lec t  the a n i s o t r o p i c  plasma. 

- 
- 

The i n t r o d u c t i o n  of the sonde i n t o  t h e  plasma induces  per turba-  

t i o n s  i n  i t ,  va.rying t h e  above-indicated parameters. The p e r t u r b a t i o n s  



4. 

we czused by the vol tages  ap: l i e d  t o  the sonde, by i ts  motion i n  t h e  

plasma ;.nd by the  very f a c t  of its i n t r o d u c t i o n  i n t o  it. I n  i ts  tu rn ,  the  

pl:sna d i s t o r t s  the  f i e l d  of t h e  sonde. That i s  why i n  the  generz l  ca se ,  

the f u n c t i o n a l  r e l x t i o n s h i p s  between R and X and t h e  parameters of t h e  

dl ;?csm; 2nd of the sonde are very complex. They should be obtained from 

the  j o i n t  s o l u t i o n  of Boltzrnann and Iiaxwell equat ions.  We s h a l l  write 
these  r e l a t i o n s h i p s ,  cond i t iona l ly  a s  f 011.0~s : 

- 
where Ne 

we propose t o  measure; (UH, o ?.re given pa-rameters; 

reinaininr 9nrameters of the plasm and of t h e  sonde, whose account ing is 
undes i rab le  i f  in an e x g l i c i t  form. 

and Y z re  the  unperturbed p c r m e t e r s  of the  ionosphere,  which 

el, ea, ..., eN a r e  t h e  

The q u a n t i t i e s  R and X a r e  measured by an e l e c t r i c a l  i n s t a l l a -  

t i o n ,  d e l i v e r i n g  t o  t e l eme t r i c  system input;  two vol tages ,  

l i nked  wi th  R and X i n  the general  c s e  by the  equat ions  
U and U2, 1 

ui = rp*(R, X ) ,  u2 = cpz(R* XI. (2) 

The r e l a t i o n s  ( 2 )  a r e  obta ined  by c a l i b r a t i o n  of t he  measuring 

device. 

According t o  U1 and U2, obtained through measurements, we may 

determine Ne and with the  a i d  of (1) and (2)  f o r  given 1~ and 0 

( s e e  f o r  d e t a i l s  #5). This  i s  the  s imples t  method of d a t a  agreement, 
when U1 :md U2 
t r u e ,  a d  Ne and 3 are unknown. 

a r e  deemed r e l i a b l e ,  t he  r e l a t i o n s  ( 1 )  and (2) adequately 

2. -The d e r i v i n g  of func t iona l  r e l a t i o n s  ( 1 )  c o n s t i t u t e s  t h e  
source  of mhin e r r o r s  of the  method. I n  o rde r  t o  s i m p l i f y  the  form of 

the  adequate l i n k ,  we s h a l l  u t i l i z e  such low f i e l d  s t r e n g t h s  a t  t h e  sonde 

V ,  t h - t  t he  superhea t ing  of e l e c t r o n i c  gas  be prevented and the  tempera- 

t u r e  Te be nea r  t h a t  of the n e u t r a l  gas T. To t h a t  e f f e c t  t h e  fo l lowing  

i n e q u a l i t y  should be s c i t i s f i e d  
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a 

where k i s  the  Boltzmann c o n s t a t ,  

e n e r m  l o s t  by an e l e c t r o n  a t  c o l l i s i o n  wi th  a molecule. Under cond i t ions  

8 i s  t h e  m e a  r e l a t i v e  f r a c t i o n  of 

of  lower ionosFhere,  the i n e q u a l i t y  ( 3 )  is  f u l f i l l e d  f o r  IEI (0,25 v/m. 

The v o l t a e  VE 
was no t  f u l f i l l e d .  I n  t h i s  case,  the  p l - sma may be conside-ed as a medium 

char;cterized by the  t e n s o r  of  the d i e l e c t r i c  cons tan t  

ap- l ied by us t o  the  sonde, d i d  no t  exceed 0,15v, and (3 )  

a c t i n g  upon t he  components Ex,  E,,, EZr 

of the  Ea r th ' s  maynetic f i e l d  )Io. 

( 4 )  depend only on local .  m o p e r t i e s  of the  plasma, t h a t  is mainly on Ne 

and 3 ,  and do not  depend on the  f i e l d  s t r e n g t h .  The requirement of local  
dependence ~ssmes, t h L t  plasma waves a r e  absent ,  such f o r  example as t h e  
e l e c t r o ~ c o u s f i c  ones [io;. 

d i r e c t e d  a long  E, and a c r o s s  E and E, Y 
By the  s t r e n g t h  of (31, t h e  components 

- 

T-!--iqr i n t o  c,ccount t h e  cond i t ion  f o r  q u a s i s t a t i o n a r y  s ta te  , i. e. 
Z<2nc/o1tl..e sonde mrly be considered 2s 2 condensor, f i l l e d  wi th  an inhomoge- 

nous-cnisotr7pic  d i s s i p t i v e  d i e l e c t r i c ,  w i t h  the  d i e l e c t r i c  cons tan t  t enso r  

( 4 ) .  The conderisor is chcmacterized by t h e  concentrated parameters R (W) 

r.nd C (0). 
Takin; i n t o  ac<-ount th - i t  the  P i e l d  of the  sonde E, placed on the  

l a t e r a l  s u r f a c e  of a v e r X c a l l y - f l y i n g  rocke t ,  mostly no rxa l ly  t o  Ho, we 

sh2l s impl i fy  the  problem by cons ider ing  the  sonde as a p l m e  condensor 

of c a w c i t y  Co, f i l l e d  by a uniform medium with 2 coaplex d i e l e c t r i c  cons- 
t a n t  e l = e L ' - i e A ' ' .  Then i t s  complex cociuctxnce Y = 1/21 w i l l  be 

y = y' + iy" ioeLCo = io (el' - h.") Co. 

Since 2 = 1/p is the  inpu t  impedance, hence we o b t a i n  the  func t ion-  

a l  r e l a t i o n s  ( 1 )  

./. . 
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where CO is the  sonde capaci tance i n  vacuum. 

For the cons t ruc t ion  of  t h e  dependence of el'  <>r-d UL on plasma 

pa raoe te r s  we may u t i l i z e  t h e  Ltorentz equat ion,  thus obt:,.ini;ig the  we l l  

known esv res s ions  
v (s2 + !I - u2) 

e l l  = 1 - 
(9 + 1 + ~ 2 )  - 4 ~ 2  ' (5') 

- 
where Y = Y e t t  is the  e f f e c t i v e  c o l l i s i o n  frequency, f i p r i n q  i n  the  Lorentz 

e a u a t i m ,  i n  the s o  c -d l ed  " f r i c t ion11  term; mUeff(dr/&).  Our f i r s t  ca l cu la -  

t i o r ?  of Ne 2nd Qeff were made by the formulas (11) and ( l 1 I ) ,  where el' 
and uL verc  tzken according t o  ( 5 ) .  I n  the f o l l o v ~ i n g ,  we u t i l i z e d  i n s t e a d  

of ( - 1  t : ,e more p rec i se  forqulns  of the k i n e t i c  theory,  which l e a d  i n  the  
L. I. Davrdov Cpnroximztion [ll] t o  t h e  express ions  

where w = u / i j . i s  th-? e l e r t r o n  ve loc i ty  broupht up; i j=1 /2kT/ rn  is t he  

most probable v e l o c i t y ;  str = v t r / a ,  where Ytr is  the  t r a n s p o r t  frequency 

of  c o l l i s i o n s ,  l i nked  wi th  the  t r a n s p o r t  c o l l i s i o n  c r o s s  s e c t i o n  A by t he  

eqmess ion  vtr=n,,&, where nm is  the  concent ra t ion  of n e u t r a l  p a r t i c l e s .  

The col l is idns wi th  i o n s  zre  nef f lec ted  i n  the  express ions  ( 6 ) ,  (7). (8), 
which, as is shown by t h e o r e t i c a l  i n v e s t i g a t i o n s ,  can be accounted f o r  addi- 
t ion.?.l ly i n  the  Y, V =%m + Ye(, without  changing the  form of the  formulas 

(G), (7)  and (8) .  
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It fol lows from l abora to ry  i n v e s t i g a t i o n s  [12, 131, t h a t  c o l l i -  

s i o n s  of e l e c t r o n s  wi th  n i t rogen  molecules p redonina te  i n  t h e  lower 

l a y e r s  of the  ionosphere. For thermal e l e c t r o n s ,  c o l l i d i n g  wi th  n i t rogen  
molecules,  t h e  t r a n s p o r t  c o l l i s i o n  frequency A is p ropor t iona l  t o  t he  

v e l o c i t y ,  A = aoO , where a. = 3.29 l O D 2 3  , and no t  i n v e r s e l y  proport io-  

n a l  t o  @ ,  as t h i s  would have been necessary f o r  t he  formula (7) t o  coin- 

c ide  wi th  (5). Thus, t h e  not ion  V e f f ,  in t roduced i n  t h e  elementary theory,  

does not  correspond t o  r e a l  d i s s i p a t i o n  processes  of e lec t romagnet ic  

enerp-y t a k i n g  place i n  the  lower l a y e r s  of the  ionosphere. In t roducing  

i n t o  ( 6 ) ,  (7), (8 ) ,  t h e  most probnble t r a n s p o r t  c o l l i s i o n  frequency 

and accordingly 

(9) - I  - -  - 
s = ~ ~ ~ l a  = n,,,aovs/o, s = sw , 

we s h a l l  w r i t e  ( G ) ,  (71, (8)  i n  t h e  form 

where d r l  and Q2 a r e  func t ions  of the  argument E*= ( I f  u)  /a. 
The i n t e g r a l s  and a2 were i n t e g r a t e d  i n  t h e  range of values &. 

of i n t e r e s t  t o  US. With t h e i r  h e l p  w e  p l o t t e d  t h e  func t ions  Pi, Fi, FI, F4, Fs, Fo, 
e n t e r i n g  i n t o  q , e L  and ex i n  t h e  fo l lowing  form: 

8V 8V 
8 q =  --,Pi - f --,Fz, (66) 

&eA=-:Fs-i-&', (76) 

3 h  313c 

3 In 3 
8V 8V 

where 
../.a 
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The func t ions  Fk ( k = j , 4 ,  5, 6 )  f r o n  two arguments and u 
j o i n t l y  with F F2 a r e  p l o t t e d  i n  J i g .  1, where 2; is taken as t h e  

nbccissa ,  and is a parameter. 

From (7  ) i t  follows, t h a t  t h e  r e l a t i o n  

i s  independent from I? . T h l t  is  why i t  is p r a c t i c a l  t o  take  (1) f o r  one 
of the  function.11 rcl .tian?. A t  serves f o r  the  determinat ion of 
t h e  mecsured ImeL ? ~ i i  R,EL,. To t h a t  e f f e c t  F ~ / F I ,  , as a funct ion  of  

is  plot tc .6  i n  FIg. 2. 

- - e 
Vtr by 

Utilizin.? (1') anC ( I t t ) ,  we sh2.11 obtr.ined the  equat ion serached  

f o r  

where R and SC a r e  measured v d u e s .  Note t h a t  f o r  a s r x . 1 1  1/& t he  

fol lowir is  c o r r e l a t i o n  tcakes plclce : 

It mr:g be obt-?ined by way of e..F.nsion of  s u b i n t e g r a l  expres- 

s i o n s  i n  (10) 

term of t h e  s e r i e s .  

by powers i/j, and breaking these  e x p u s i o n s  a t  t h e  second 
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Fig. 1 - 
Formula (12 a) i s  u t i l i z e d  f o r  the  approximate determination of gtr, when 

. .A . 



Therefore ,  a t  i n e q u A i t y  11 f U I  > g f u l f i l l m e n t ,  t h e  most 
probable t r a n s p o r t  c o l l i s i o n  frequency dtr is  determined as a q u a n t i t y  

inve r se  t o  t h e  r e l a a t i o n  time of the  contour with Tsarmeters R an2 C. 

I n  the  pzrameter reg ion ,  where 1 4  f - U I  >S, Yell = 2,5vtr. 

f 

I 

Afte r  J tr  h;Ls been determined, t he  c a l c u l a t i o n  of IIe fs e f f e c t e d  

w i t h  t h e  h e l p  of any of the  curves 

R o r  C. The r e s p e c t i v e  formulas have the  form 
F 3  ( s ,  u> o r  F4 (6, u> by the  measured 

6Co 3m02 1 Ne = - -- 
CO 3 2 1 i e z  1;3' 
1 3mo 1 

Ne = - -- * 

COR 32VGe2 Fc 

(131 
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3,-i"Iasurement I Errors . -  I n  d e r i v i n g  (51, (12)  and (131, i t  w a s  

assumed t h a t  t h e  Ne and lreff o r  Ttr e n t e r i n g  i n  them coincide wi th  

t h e  r e spec t ive  parameters of t he  unperturbed plasma, One of the  main measu- 

r e m n t  e r r o r s  f o r  N (and not  f o r  .J is l i n k e d  wi th  t h e  p e r t u r b a t i o n s  
of Ne, in t roduced  by sonde and the rocke t  i n  the  plasma surrounding them 

and wi th  the  i n v e r s e  e f f e c t s  of t h e  plasma upon t h e  f i e l d  of the sonde. 

Ce r t a in  e f f e c t s  induce the  deple t ion  of t h e  unperturbed ionosphere ' s  

e l e c t r o n  concent ra t ion ,  o t h e r s  l ead  t o  its enrichment. Taking i n t o  account 

t h e  p o s s i b i l i t y  of compensation of the  va r ious  p e r t u r b a t i o n  e f f e c t s  of Ne, 

e 

we s h a l l  review them sepa ra t e ly .  

Z f f e c t  --- -- of - t h e  ilcrke.- As is w e l l  known, sa te l l i t es ,  moving a t  
grsat he igh t s ,  l e s v e  a wake with dcn le t ed  %and  N i .  Such a w a k e  is r evea led  

by the  s t r o x s c a t t e r i n g  o f  meter radiowaves C14 - 191, and a lso  by t h e  

o s c i l l a t i o n s  of impedance of the low-frequency sonde i n s t a l l e d  on a non- 
s t r i b i l i z e d  s y t e l l i t e  [ 2 0 ] ,  The t h e o r e t i c a l  c a l c u l a t i o n s  of  s a t e l l i t e  
wakes, conducted only f o r  a very r a r e f i e d  plasma ( l e n g t h  of t h e  f r e e  pa th  

A>+Z, where 1 is the  dinension of  t he  body) and known t o  us, can not be 

spp l i ed  i n  3ur case,  and we s h a l l  l i m i t  ou r se lves  t o  upper e s t i m a t e s  of 
the dimensions of the  wzke ( t r a i l ) .  If  h>1, we der ive  from elementzry 

th ink ing  t h a t  t h e  l e n g t h  of t h e  t r a i l  behind the  sonde is L - d ( U o / i j i ) .  

where 
d is  the  diameter  of t he  sonde. Becnuse of the  Ea r th ' s  magnetic f i e l d  

L i n c r e a s e s  somewhat. I n  our case,  d=1,5,  (Uo/Ej)max - 3, t h a t  is L - 5 cm 
f o r  an  i n i t i a l  width of  the  t r a i l  of  1.5 cn and the  volume, impoverished 

e l e c t r o n s ,  is s m a l l  by comparison wi th  t h e  t o t a l  volume of t h e  sonde's zone. 

This  e s t i m a t e  is e v i d e n t l y  over ra ted  f o r  h < ? O h ,  where C d and t h e  

mechanism of t r a i l  formation is e n t i r e l y  d i f f e r e n t ,  I f  t he  c a l c u l a t i o n  is 
conducted by the  s t anda rd  method of sunerso95-c aerodynamics and is reduced 

t o  bottom vacuum e f f e c t ,  t h e  r eg ion  of which be ing  of  lesser ex ten t  than  

Go is the rocke t  ve loc i ty ,  T i i s  t h e  mean thermal v e l o c i t y  of ions ,  

L - d ( V O / i j i ) .  

Note, t h a t  owing t o  rocke t  s t a b i l i z a t i o n ,  t h e  sonde i n  our case 

never  h i t s  t he  reg ion  of r o c k e t ' s  own wake. 
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-- The Debye (Langttrmir) --- _-_ 13Xer around t h e  sonde i s o l a t e s  t he  constant  
e l e c t r i c  f i e l d  of t h e  sonde from the  remaining p a r t  of the  plasma. Th i s  

phenomenon can induce a decrease of Ne i n  t h i s  l a y e r  provided the  probe 's  

c o n s t m t  p o t e n t i a l  i s  negat ive ,  and its inc rease  i f  t he  l a t t e r  is p o s i t i v e .  
The p o t e n t i a l  of the  sonde, j u s t  as t h a t  of t h e  whole rocke t ,  

l e n d s  i t s e l f  uneas i ly  t o  t h e o r e t i c a l  or experimental  es t imate ,  That i t 3  

why i t  is  impossible t o  account f o r  N, v a r i a t i o n  i n  t h i s  method, t h a t  is 

i n  formula (1) .  For tuna te ly ,  the inf luence  of  t h e  Debye l a y e r  is insigni- 
f i c a n t  , 

The Debye l a y e r  has  ?t ij ,>vo> iji an e n t i r e l y  d i f f e r e n t  mechanism, - 
d i s t i n c t  froin the  e f f e c t  of t h e  w:~.ice, and its shape is l i t t l e  dependent 

on rocke t  v e l o c i t y  C0 con t ra ry  t o  t h a t  of t h e  t r a i l  [la, 191. For t h i s  
reason ,  the est imdte of Debye l a y e r  dimensions can be made i n  the  assump- 

t i o n  t h a t  tuo =O, I n  this case the  thickness of the  l a y e r  is comparable 

w i t h  the  Debye rcldius D = 5 d m  
c o n s t i t u t e s  

dimensions: D-10cm. However, a t  these he igh t s ,  t he  time between c o l l i -  

s i o n s  of e l e c t r o n s  wi th  molecules rem = I / v e n s l O - 7 +  10" s e c  i s  much less  
than  t h e  time eo of inc iden t  plasma Tnssing through the  Debye l a y e r s  
To=D/vo"10-'. wherecls c0 

l a y e r  s e t t l i n g  T/, = 1 / (T - 1W.where d is  t h e  conductance of t he  medium. 

That i s  why t h e  Zebye l a y e r  is  c o n t i n u a l l y  blown o f f  by the  i n c i d e n t  f l o w  
and t h e r e  occurs  no Ne per turba t ion .  It can be manifest  only a t  h e i g h t s  
h > 85 - 90 km, but ,  because of h igh  e l e c t r o n  concent ra t ion  i n  that range 

D does no t  exceed l c m ,  i n  other  words, t h e  poss ib l e  pe r tu rba t ion  zone 

is  s m a l l  by comparison w i t h  the t o t a l  ope ra t ing  zone of t he  sonde. The 
absence of Debye sh iezd ing  e f f e c t s  dur ing  the  s tudy  of the  lower iono- 
sphere  is not  i n  con t r ad ic t ion  wi th  t h e  i n v e s t i g a t i o n s  by P f i s t e r  [23, 
who, varying the  cons tan t  p o t e n t i a l  V300n t he  probe, d id  no t  n o t i c e  any 

Ne v a r i a t i o n s  dur ing  measurements by impedance sonde. Our i n v e s t i g a t i o n s  

were l i m i t e d  t o  sonde l e n g t h  va r i a t ions .  They also a r e  evidence of absence 

and  a t  h e i g h t s  h < 70 km, where - N e  
10- 100 electron/cm3, i t  t akes ,  a t  f i r s t  s i g h t ,  menacing 

is comparable o r  l e s s e r  than  the  time of Debye 

o f  t h i s  e f f e c t .  
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E f f e c t s  l i nked  wi th  the  Sonde's High-frequency Field.-  The i n t e r -  

a c t i o n  of  t h e  plasma with the  f i e l d  i n  t h i s  case takes p lace  i n  the  same 

f a s h i o n  i t  does i n  the  case of a cons tan t  f i e l d ,  and i t  l e a d s  t o  sonde 

f i e l d  and charge around i t  d i s t o r t i o n .  As fa r  as we know, these  phenomena 

were i n v e s t i g a t e d  only  f o r  a f i x e d  source i n  the  plasma, without  t a k i n g  

i n t o  account the  mrgnetic f i e l d .  As fol lows from t h e  works by Landau [3O3 
and also [31], a t r a n s i t i o n a l  l a y e r  forms around the  antenna, in which t h e  

f i e l d  amplitude i n  t h e  inmediate v i c i n i t y  of antenna metal, E l=  Eo, where 

the  p o l a r i z a t i o n  e f f e c t s  of t h e  plasma are no t  y e t  manifest, passes  i n s i d e  

t h e  plasma t n  Fn rmplitude E2 = Eo/ I€ I . The width of t h i s  l a y e r  in fre- 
quencies  @((a0 is comnarable wi th  t h e  Debye sc reen ing  r a d i u s  D. I n  our 
case  of feebly- ionized  plasma, when is not  much d i f f e r e n t  from 1, t h e  

d i s t o r t i o n  of the  sonde f i e l d  at t h e  expense of t h e  t r a n s i t i o n a l  l a y e r  is 
i n s i g n i f i c a n t  ii; s p i t e  of compzratively l a r g e  dimensions of t h e  l a t e r .  It 
is also p o s s i b l e  t h z t  t h e  t r a n s i t i o n  l a y e r  is weakened owing t o  sonde 

motion i n  t h e  plasma as a r e s u l t  of sweeping off  t h e  p o l a r i z a t i o n  charges 

by t h e  i n c i d e n t  flow. A t  W 0, when lk[ --+ OQ and E2 + 0, the  t r a n s i t i o n a l  

l a y e r  t ransforms i n t o  t h e  Debye sc reen ing  l a y e r  considered above. A t  

t h e  f i e l d  E2 a p y o a c h e s  t h e  i n f i n i t y  ( D l a s m a  resonance)  i f  Ne 

However, t h e  f i e l d  E2 acc re t ion  is hindered by t h e  ponderomotive f o r c e s  - grad IE21, ex t ruding  plasma charges from the r e g i o n  of  great E L211. 
As a r e s u l t ,  Ne drops i n  the  ope ra t iona l  zone of t h e  sonde and the  frequen- 

cy @,egres ses  from resonance. This  e f f e c t  is appa ren t ly  observed i n  Japan- 

e s e  exusr iments  with resonance probes It may also take p lace  ou t s ide  

t h e  resonance reg ion  at weat V E .  Jackson and Kane de tec t ed  i t ,  while 

o p e r a t i n g  wi th  a high-frequence impedance sonde at  VE r 2 0 0  V. The va lues  
of ITe, measured by them, r e s u l t e d  t h r e e  t imes lower than the  rea l  ones, 

on account of ponderomotive ex t rus ion  of charge6 c9, 211. Because of s m a l l  

VEWo.lV, t h i s  e f f e c t  is absent in our case. 

is f ixed .  

[21. 

The photoemission, caused by solar r ays ,  can induce an inc rease  of  

Ne,  as w a s  shown by experiments i n  USA and Japan [2]. The emerging c u r r e n t s  

on the  sonde, caused by photoemi6~ion ,  c o n s t i t u t e d  loW9 a/cm 
e l e c t r o d e s .  We convinced ourse lves  of the  smal lness  of t h i s  e f f e c t  by i n s t a l -  

l i n g  two sondes on a s i n g l e  rocke t  a t  d i a m e t r i c a l l y  oppos i te  s i d e s  of i ts  

2 f o r  copper 



frame. The same va lues  of Ne were given by the  two sondes, wi th  a p r e c i -  

s i o n  of 5 percent .  

Rocket __-- - Deycssing Z f f e c t . -  As is  w e l l  known, t he  rocke t  c a r r i e s  
- long  a s o r t  of a "sheath" of gas remains,  e j e c t e d  from t h e  nozzle  and 

o t h e r  a u x i l i a r y  devices.  P a r t i c u l a r l y  harmful are the  s m a l l  concen t r a t ions  

of  e a s i l y  i o n i z a b l e  atoms (Na, K), which mzy inc rease  Ne, and t h e  e l e c t r o -  
neg3t ive gxes, oxygen f o r  example, lowering Ne. \?e were concerned w i t h  
t h e  l a s t  case  i n  p rac t i ce .  

- Therma l  Ion iza t ion . -  T h i s  occurs  i n  d e n s i f i c a t i o n  jumps, and the  

t h e r n a l  i o n i z a t i o n  is a l s o  observed when s a t e l l i t e  r e e n t e r  t h e  denser 

l a y e r s  o f  the atmosnhere ( h  4 l O O k . m ) ;  according t o  our c a l c u l a t i o n s ,  t h i s  

does no t  induce Ne va r i i t t i ons  a t  v e l o c i t i e s  Vo < 2km/eec. 
xherefore ,  we may reach t h e  conclusion on t h e  a d m i s s i b i l i t y  of 

':p l y i n g  t h e  method u t i l i z i n g  formulas (51, (12) and (13) f o r  t h e  de t e r -  

minat ion of Ne, 
i n  t he  preceding a l i n e a s .  

a l though we should be beware of  t he  e f f e c t s  decsr ibed  

+ccoun$A-nKgfdJhe - -.- Ion Component. - It is evident ,  t h a t  t h e  above- 

considered e f f e c t s  of  deple t ion  and enrichment of t h e  sonde zone by e lec -  
t r o n s ,  do not  a f f e c t  d i r e c t l y  the  p r e c i s i o n  of measurement of c o l l i s i o n  
f requencies  V b ~  and Vhc- 

of i o n s  during t h e  cn lcu la t ion  of by the  formulas ( 5 )  o r  (12). If we 

t::ke these  i o n s  i n t o  account, formula ( 5 )  f o r  the conupta t ion  of Veff w i l l  
t ake  the  form 

- 
One of the main sources  of measurement e r r o r s  V is  t h e  n e g l e c t i n g  

(14) bE*' 

UL 

4n (Sa + 1 - u2) 

os (s2 + I + u2) 

rnNt (si2 + I - ui2) {(s2 + 1 + u2))a - 4 4  +- MN, os ls2 + I + uJ)[si2 + 1 + .i2)'- 4 ~ ~ 1  
-=- 

t",r;suming M / m  N 105 , we 0btL.i.n t h a t  f o r  h <  70 km, when J c ~  - 
and Vt - IO5# N r / N ,  ntrst not  exceed 10 + 50 i f  we wish t o  neg lec t  t h e  second 

term of (14 ) .  bince cccordina t o  t h e o r e t i c a l  e s t i m a t e s  of Ni /Ne in day- 

t h e  a t  h e i g h t s  h 470km is - 100- 300, t h e  conputat ion of  VeN by the  

formu1r;s (5)  and (1 12) is  i n  t h i s  case inndmissible.  Then the  measure- 
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mects of U1 and U2 might give _In es t imate  of I d i  / ?e , z s  is shown a t  po in t  

5 of t h i s  tmrT.gr3ph (Fig.  46 1, provic?ed J q t  ( o r  Tr) ;.re considered as known, 
f o r  e x m p l e ,  from measurements of vressure  P ( s e e  formul-. (1.5) 1. 

It should bs noted also t h a t  t he  s e n s i t i v i t y  of el'/, t h a t  is of 6 

t o  W i  by conparison with e l '  , is  s e n s i b l y  weaker, which allows the conduct- 

i n g  of c a l c u l a t i o n s  by t3.5 m.jFsured U1with the  a i d  of formulas ( 5 " )  o r  (13 ' )  

provided we consider  %'err (or vtr) as knowm ( s e e  Fig,  46). The p r e c i s i o n  of 
memurement of Ne i: thus  found t o  be s u c f i c i e n t  even at Ni /Ne M 103. 

- 

We have a v a i l e d  ou r se lves  of t h i s  f a c t  dur ing  4 U M  
two launching6 ( # 3 ) ,  where only U1 w a s  mea- 

sured. 
It is  evid.ent t h a t  t he  c a r d i n a l  s o l u t i o n  

of the ques t ion  of account ing t h e  i o n s  c o n s i s t s  

i n  the si;?lultaneous measurement of 2 in two 
Fig. 3 f requencies  u1 and S2 (see  $ 5 ) ;  which w i l l  

allow t he  determinat ion of B Ni, Tern and Ye$. -- e '  
4. - i ieasurenent of sonde Z impedance is  conducted by a s p e c i a l  ' 

z i rborne  e l e c t r i c a l  device. %he p r i n c i p l e  of i ts  oye r - t i on  c o n s i s t s  h t h e  
follow in^. The volt-.p;e of che modul?tion frequency 

low-frequency generptor ,  con t ro l s  tke  frequency f o  f Af of t h e  m a i n  gene- 
r a t o r ,  whose v o l t - g c  i s  fed  t o  a c i r c u i t  of a hiqh C - f x t o r ,  through a 
two-way c l inne r .  'The sonde i s  switched on o x a l l e l w i s e  t o  the  c i r c u i t .  

From t h i s  c i r c u i t ,  t h e  voltage i s  talcen trhough a small capaci tance and 

f e d  t o  t h e  c7cinlifier, and then i s  detected.  The input  s i g n a l  from d e t e c t o r  

h s 3 s h - p e  sketched i n  Fig. 3. Let us consider  two c h a r a c t e r i s t i c  para- 

meters  of t h i s  s i r n a l -  the  l e v e l  U1 m d  the  "detuning" U2 . It is easy  

t o  s e e  t h a t  t he  l e v e l  of U1 i s  func t ion  of r e s i s t a n c e  R of the  condensor 
only,  wherens the  detuniy-  of ienencis on R as we l l  as on &C. The de- 

qezi.4;:ces U, = cpi(R) ani! U2 =-qz(R, 6C) w i l l  be tda-en AS f u n c t i o n a l  r e l a t i o n s  

(2). They ;.re obtained by t r q  o f  c: : l ibration of t he  3-bove-described scheme 

swi tch ing  d i f f e r e n t  R and 6C t o  the sonde, and r e g i s t e r i n g  U1 and U2. 

The c a l i b r a t i o n  i s  c a r r i e d  o u t  j o i n t l y  wi th  the  t e l e m e t r i c  system. By recons- 
t r u c t i n g  and changing the s o n d e ,  and vary ing  the  way of  swi tch ing  i t  t o  

c i r c u i t .  t '  e mezsure e n t  schexe ?l-l .o-~s in encol..pass the  range of measured 

v d u e s  : el' = =tloZ; 6 = 10" + Wnco/nc. 

Q,  produced by t h e  

U2 
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5.- The e n t i r e  nrocedure of obtGining the  ionosphere parameters', Ne 
an2  >tr according yo the  measured va lues  of U1 and U2 may be r ep resen ted  i n  
the  form of an o r i e n t e d  gr:iph (Fig. &a). fiere t h e  links between the  formulas  

a r e  p l o t t e d  by graph 's  a r c s ,  and the  t ransformat ions  themselves of i n p u t  t o  
a u t g u t  d s t a  - b y  its s m m i t s .  The f i r s t  &are marked by arrows d i r e c t e d  toward 

s u n n i t ,  t he  second - by arrows, emerping from t h e  summit. Alongside w i t h  

suni ts  i n d i c r t e d  a r e  the  nwnbers of f o r z u l a s ,  by which the  t ransformat ion  

of i n p u t  da t a  i n t o  t h e  o u t y t  ones is made. The t ransformat ions  by formulas 

(2 )  are given by praphs of Fig. 5, where the  upper index Ui,dk) ,  k = 1 , 2 , 3 ,  ..., 6 

i n d i c a t e s  t he  number of the measurement ( s e e  1k2). For t he  formula (12)  and 
t h e  second formul-% (13) we u t i l i z e d  the  graphs of Figs .  1 and 2. For  t h e  de t e r -  

mina t ion  o f  Veff nnd Ne, 
on ly  one U1 i n  measured, we nay, cons ider ing  V t r  as known, f i n d  Ne wi th  t h e  a i d  

of  process ing  the d a t l  according t o  the  gr:-ph of i?ig. 4 6  . I n  the case,  when 
t h e  concent ra t ion  of i o n s  i s  s t rong ly  d i f f e r i n g  f ron Ne, we may determine 

iJe and Ni by i n t r o d u c i n r  i n t o  (5) or (12, 13) 
t o  t h e  given <~e(t ( o r  &) -nd the measured U and Ua as is shown i n  t h e  graph 

Fig. 4 6 .  i t  i s  ind ica t ed  by the t i l d e  s i g n ,  t h a t  N i  i s  taken i n t o  account i n  

( 5 )  F;ccor?.inFr t o  (14).  It i s  evident ,  t h a t  all t he  f o u r  plasma parameters 

formulas (5', 5") a r e  used i n s t e a d  of ( 1 2 , l 3 ) .  If 

t h e  terms wi th  N i ,  according 

1 

- 
Ne, v, Ni, vei c2n be determined by the  measured R and d C  in t w o  f r equenc ie s  

0 1  and 02 
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hours LT on 2 August 1958;, r e s p e c t i v e l y  U1 (1) ( 3 )  (4) U1 (2) and U1 , U1 ; 
( 6 )  (6) 3) at 07 40 hours on 2 Ju ly  1959 ; U1 (5) , U2 (5’ and U1 ’ u2 . 

According t o  observptory and l o c a l  ionospher ic  s t a t i o n  da ta ,  t he  Sun and 

the  ionosrhere  were q u i e t  during the  pe r iods  of the  second and t h i r d  

launchings,  while  dirong the  f i r s t  launching a s t r o n g  sporadic  E,-layer 
w a s  observed. Two sondes were used a t  each launching; they  were i n s t a l l e d  

on d i ame t r i ca l ly  opnosed s i d e s  of t h e  rocke t ,  i n  its middle par t .  
We s h d l  begin the  cons idera t ion  from the  t h i r d ,  most complete 

measurenent. The processing wa; conducted accordin? t o  graph F i g . 4 a .  
Tke folloviinF pAu: , i t i t i e s  were determined f o r  Co i n  micromicrofarads 

c0(5) = 17,75, COW = 4,95; C0(3) = c0(4) = 12,7 and cow = c0@? = $39. A t  the  o u t s e t  t h e  
proces- ing was cciiducted by f o r n u l i s  (5)  i n  agreement wi th  the  graph of 
Fig.  4. The v- lues  of Ne ( h )  and \Teff  ( h )  thus  obta ined  are p o l t t e d  in 

Fi f .7 .  Every curve here  is the average r e s u l t  of two measurements ob ta ined  

i n  a s i n g l e  exyeriment. Ne (h) is  s i g n i f i c a n t l y  l e s s  than  the  midday N , ( h )  

ob ta ined  by [5 -81. This  i s  explained by e-ly observa t ion  hours. A t  
micidle l a t i t u d e s ,  where launching took p lace ,  the  z e n i t h a l  angle  of t he  
Sun was 

by about 1 0 h  higher  than  the midday (noon) a l t i t u d e .  

= 51’ and t h e  height  of t he  ionosphere i n  the  D-layer w a s  

Of bz i r t icu la r  i n t e r e s t  is  the  curve J e f f ( h ) .  It g ives  f o r  V e f f  

a value aywoximntely twice as  s m a l l  as than provided by t h e  t h e o r e t i c a l  

curve by Nicole t  C221. This  r e s u l t  is founded i n  the  assumption t h a t  fo r  
h = 75- 90 lan, N i / N e  (104 50. 

O u r  conclusion as rcgr3ds the over ra ted  va lues  of V e f f  by 
Nicole t  agrees  w e l l  wi th  the measurements conducted by Kane C23], having 
m i l i e d  t h e  method of d i f f e r e n t i a l  absorp t ion  i n  the  65- 85 km a l t i t u d e  
range ( s e e  the  curve 0 i n  Fig. 7). It should be noted t h a t  h i s  measure- 

ments correspond t o  a p e r i o d  of s t r o n g  dus t i rbances  i n  t h e  ionosphere,  

when Ne w a s  more than by one order  g r e a t e r  than the  normal, which pre- 

c i s e l y  gave the  p o s s i b i l i t y  of co-duct ing  measurements by such l i t t l e  
s e n s i t i v e  a method. One mey assume, however, t h a t  the  p re s su re  and 



. 

consequently Jeff  a l so ,  were near normal at these  he igh t s .  

formulas (12) and (13) .  The val-ues of Ne 

ob ta ined  from formulas ( 5 ) .  The curve s t r ( h ) ,  computed by t h i s  method, 

is p l o t t e d  i n  Xig.7. It c o n s t i t u t e s  the  ex tens ion  of  the  curve T t r ( k )  

reconputed by Kane from gef f  a f t e r  t he  works [12, 133 became a v a i l a b l e .  

The gene rz l  curve f o r  

wi th  the  curve f o r  the  pressure  recording t o  t h e  formula 

Subsequently, t he  processing of t he  r e s u l t s  w a s  e f f e c t e d  by the  

thus  found r e s u l t e d  near  those 

jtrT obtained by Kane and ourse lves ,  agrees  w e l l  

(15) 
- 
V t r  (h )  = 1.2 lo8 P ( h )  m ~ n  Hg 

derived by Hwcley from labora tory  observa t ion  d a t a  [12]. Hence, we may 

der ive  t h e  conclusion, t h a t  the  low-frequency sonde method apyears t o  be 
a v r s c t i c c l  means f o r  the d e t e r n i n i t i o n  of p re s su re  P i n  the upper atmo- 

sphere through 90 km heights .  One m q  ass*~??e, t h 2 t  i t  w i l l  ensure measure- 
ments of P with a p rec i s ion  t o  l O p e r c e n t ,  t h a t  is  competing with the  

s tzndnrd  methods of pressure  measurement 125, 321 ( s e e  the  curve P ( h )  i n  

FiE. 7). 
The def l -ect ion of q e f f  (h )  f o r  h 7 9 0  km from the t h e o r e t i c a l  value - 

Jef f  = 2.5 V t r  
i n  f o r c u l a s  ( 5 )  and (71, crovided, of course,  i t  i s  not  a measurement e r r o r .  

Note t h a t  numerous sonde measurements r e g i s t e r  an over ra ted  i o n  concentra- 

t i o n  at these  he igh t s  [ 2 ] ,  which i s  noss ib ly  connected with the  i o n i c  

l a y e r  wrapping the  probe. 

can be ascr ibed  t o  t he  neg lec t ing  of i on  concent ra t ion  

The r e s u l t s  of launchings dur ing  the years 1954 and 1958 were 

brocessed by a method, represented  by the  graph of Fig.  4 5 ,  where Ttr 
was considered given by the  formula (15). The deoendences Ne ( h )  t hus  

obtained,  8 r e  p l o t t e d  i n  Fig.  7. The curve f o r  Ne (1954) l i e s  above t h e  

midday curve Nk(h), ob ta ined  by the  "cA0' method. The curve f o r  Ne (1958) 

i s  s i t u a t e d  below We 
he igh t  of t h e  l a y e r  ho on the z e n i t h s 1  angle of the  Sun: hero: log 6ec $. 

Note t h a t  any sign of div ide  between t h e  D- and E-layer is absent  

i n  both p r o f i l e s  of e l e c t r o n  concec t r a t ion  Ne(h) 1958 and Ne (h )  1959, 
encompassing t h e  D-layer 2nd the  lower p a r t  of t h e  E-layer. This ,  i n c i d e n t l y ,  

w a s  revea led  e a r l i e r  15, 7,83, and presen t ly ,  i t  can be r e l i a b l e  a s c e r t e d  

( h ) ,  as t h i s  is requ i r ed  by the  dependence of t h e  
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t h a t  no s h a r p l y  o u t l i n e d  m.?xiinum of Ne (h) e x i s t s  i n  t h e  U-layer. Such 

E viewpoint i s  confirmed by l a t e r  sonde mzasurernents by 2:'g d i n  2nd Sniddy 
[26J, P f i s t e r  C203. S m i t h  [27J zn6 o t h e r s ,  brought out  i n  2 i g .  7 f o r  t he  

s--ke of  co-'n -ri son. 
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Zxpl-mat i o n s  

Our resul ts  f o r  'Le :l.nd 3 ( s w e r )  [I] 
Krxsnushkin's lie [4, 61 
Kane's C; C7, 153 
Ne (surmer) snd v t r (win te r )  according t o  c2J 

accordin,? t o  Landmark ti Peterson C21 
Zzzthgs Ne (summer) ~ 2 ,  181 
Sqgalin's Ne (summer C2, 171 
P accordin? t o  NASA 
P ( t h e o r e t i c a l )  and tr (win te r )  
3 eff= 2.5 vtr  (summer) 

N ico le t ' s  9 ff ( theor .  ) 
Nicole t  and Wikin's  Ne ( theor . )  C291 (1960) 

and theory and gk (summer) 

c141 
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Unfortunately , f o r  most of our day l igh t  launchings a d i s r u p t i o n  

of te lemet ry  w a s  observed a t  rocket  e n t r y  i n t o  the  ionosphere,  and t h a t  

is why measurements of Ne 

t he  f i r s t  measurement of 1954 f i g u r e s  amongst t h e  small number of exper i -  

n e n t s  when t e l emt ry  was opera t ive  a t  ionosphere entry.  

and V e f f  f a i l e d  as a r u l e ,  below 75km. Only 

. C O N C L U S I O N S  _I- 

1. - The worked out  method of low-frequency impedance sonde 

a l lows  t h e  conducting of measurements of Ne ( h )  v e r t i c a l  p r o f i l e s  h 

t h e  a l t i t u d e  interv2.1 50 < h 4 90 Ira, us ing  one frequency, at any time 
of the  day, and those  of 3 ( h )  i n  the  i n t e r v a l  70 < h < 90 km in daytime. 

2.- Thc mensured Ne ( h )  agree  with the  p r o f i l e s  ob ta ined  i n  [5,-8] 
by t h e  Ai3 ai2 CEB nethofis. The measured J e f f  (h) i n  t h e  i n t e r v a l  

h = 70 + 90 Inn were found t o  be twice 2s small as the  t h e o r e t i c a l  values 
according t o  Nicolet  [22]. Thin r e s u l t  agrees  wi th  t h e  measurements by 
K::ne, Jackson C9], Lnndmark and Feterson ~ 2 8 1 ,  obta ined  i n  summertime. 

- 

- 
3, - A  method of pressure messuYement by V t r  is proposed, which, 

is  no t  denendent on frequency W and adequately exp la ins  
e f f  ' con t rh ry  t o  J 

t h e  rl-a?ing of radiowaves i n  the lower l a y e r s  o f  t he  ionosphere. The pres-  

s u r e  p r o f i l e  P ( h )  i s  coanputed by t he  measured T t r ( h )  u s ing  formula (15). 
It coinc ides  f o r  the  summer with a ? rec i s ion  t o  wi th  t h e  syandard 

ztmosnhere p r o f i l e ,  which apparent ly  r e f e r s  t o  summertime. The win ter  
va lues  of J t r  a re  30- 503 lower than  the  suniner values ,  which agrees  

w e l l  wi th  the  drop of P i n  winter t ime C321. 

4. - T o r  h < ? O h  i n  daytime and f o r  h < 80 km i n  night t ime,  when 
= Ni / N e  7 10 + 50. 2nd cons ider ing  3 tr (h )  as given by the  formula (151, 

t h e  method allows t o  mer;sure Ne (h)  and 'X(h). 

5.- I n  case of impedance Z measurement i n  two f requencies ,  i t  may 

provide s inul tzmeously the  p r o f i l e s  f o r  Ne ( h ) ,  Ni(h), '3,,(h) and Vi(h) .  

6. - Graphs are given (Fig. 1) f o r  the  de te rmina t ion  of a l l  the  

t e n s o r  (€1 coziponents of  lower  ionosphere 's  d i e l e c t r i c  cons tan t  by the  

given 0, Ne, V t r  
- and WH . A t  vtr / I w  A: o r r l <  0,1+0,5 the  co.-putation of ( E )  
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usinp: the graphs of Z i g . 1  provides r e s u l t s  c lose  t o  those obta ined  by - 
Apaleton- Har t ry  formulas, provided one e s t ima tes  i n  them Jef f  = 2.5 J t r*  
Therefore ,  t h e  grarhs  of 7 i g . l s h o u l d  be only app l i ed  f o r  t he  and 
methods. 

The proposed method f o r  processing t h e  experimental  r e s u l t s  ought 

t o  be ann l i ed  when the  v e r t i c a l  component of t he  Ear th ' s  magnetic f i e l d  

p r e v a i l s .  

* * *  T H E  E N D  * * *  
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